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(54) [Title of the Invention] Soiling Preventive Low Reflective Index Glass Product 
(57) [Abstract] 

[Objective] This invention relates to the soiling preventive low reflective index glass used 
for those such as the CRT of personal computers. 

[Construction] The soiling preventive low reflective glass product which is characterized by 
being comprised of the glass substrate (1), the porous reflection preventive membrane (2) 
formed on the surface of this glass substrate (1), and the fluorosilane soiling preventive layer 
(3) formed on the surface of said reflection preventive membrane (2). 
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[Claims] 

[Claim 1] The soiling preventive low reflective glass product which is characterized by being 
comprised of the glass substrate (1), the porous reflection preventive membrane (2) formed 
on the surface of this glass substrate (1), and the fluoro silane soiling preventive layer (3) 
formed on the surface of said reflection preventive membrane (2). 

[Claim 2] The soiling preventive low reflective index glass product described in Claim (1) 
where the aforementioned soiling layer (3) is produced with the decompression CVD 
method. 

[Detailed Explanation of the Invention] 
[0001] [Industrial Application Area] 

This invention relates to the soiling preventive low reflective index glass used for the 
front glasses of CRT, for example, of personal computers. 

[0002] [Prior Technology] 

Along with the rapid progress of office automation, eye fatigue due to extended CRT 
work has become a problem. To ease this problem, reflection preventive glass has been used 
on the front side of CRTs. As methods to make the glass reflection index small, (i) low 
refractive index membranes, (ii) multiple layer interference membranes, and (iii) porous 
membrane have been utilized. 

[0003] Reduction in the reflective index by a low refractive index membrane is based on the 
results of optical interference. Theoretically, the reflective index at a wavelength of X is 0 
when the optical membrane thickness of the covered membrane is X = 4 and the refractive 
index (nf) of the covered membrane at a wavelength of X and the refractive index (ng) of 
glass has a relationship of nf = ng 1 / 2 . In reality, MgF 2 (nf = 1.38) which possesses a refractive 
index near this or cryolite (AlF3-3NaF, nf = 1.33) are used. 

[0004] The multiple layer interference membrane is based on the optical multiple layer 
interference theory, and is high refractive index membranes and low refractive index 
membranes laminated sequentially; it is possible to reduce the reflective index at wide 
wavelength zones compared to single layer membranes. In terms of material, MgF* is 
normally used as the low refractive index membrane, and SiC>2 (nf = 1.46) is used as the high 
refractive index membrane. 

[0005] Also, as the porous layer, the skeleton layer obtained at the time the surface of the 
glass which is treated with inorganic acid can be listed as a representative. This skeleton 
layer is formed by removing from the surface layer a composition such as sodium and 
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potassium, which are compositions other than the silicon oxide in the surface layer of the 
substrate, into a liquid solution by soaking the silicate glass substrate in a silica over- 
saturated solution of hydrofluosilic acid of 1 - 4 concentration per one liter for 1 - 4 hours at 
25 ~ 50°C 

[0006] The diameter of each skeleton of the skeleton layer so obtained is a few nm«a few 
tens of nm. Also, the thickness of the skeleton layer becomes larger by extending the contact 
time of the substrate and the over-saturated liquid solution of hydrofluosilic acid, but 10 nm 
~ 300 nm is appropriate. If it exceeds 300 nm, the transparency of the glass product becomes 
lowered and is not preferred. 

[0007] [The Problems Solved by the Invention] 

As the three above mentioned reflection preventive performances are compared, 
generally, the multiple layer interference membrane and the porous layers are especially 
excellent. 

[0008] However, the multiple layer interference membrane is not only difficult in terms of 
controlling the membrane thickness, but it is also high in cost. These are the unavoidable 
problems of multiple layer membranes. 

[0009] On the other hand, porous layers are advantageous in terms of cost inasmuch as it is 
from a one layer treatment, but it soils easily due to its surface being protruded and convex; 
for example, if fingers contact the front side glass panel, the oil component on the fingers 
easily becomes attached and is difficult to remove. Moreover, there is a problem in that if 
the soil removal is done too harshly, the surface is easily scratched. 

[0010] [Method for Solving the Problem] 

In order to solve the problem points which low reflective glass possessing the above 
mentioned porous layer holds, the low reflective glass product of this invention has a soil 
preventive layer made of fluorosilane installed on its front-most side. 

[0011] As for the material to form this soil preventive layer, any can be used as long as it 
possesses a low surface free energy as well as chemical bonding with the surface of the 
porous layer. Although ordinary silane coupling agents and polyorgano siloxane also have 
some effectiveness and can be used, as a result of focused research, the present inventors 
discovered that fluorosilane series materials are especially effective. As the fluorosilane 
series material, it is possible to use fluorosilane possessing at least one chlorine on its one 
end, but heptadecafluoromethyldichlorosilane and heptadecafluorotrichlorosilane can be 
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used most suitably. 

[0012] The membrane attachment method of the soil preventive layer is not especially 
limited, and the publicly known rubbing method, dipping method, and sol-gel method can 
be used; but from the point of its uniform membrane formation onto the porous material, it 
became clear that the decompression CVD method is effective. 

[0013] The vacuum degree in the CVD treatment is good if it is set so that a sufficient steam 
pressure of the fluorosilane series material is obtained. Accordingly, while it differs 
according to the substrate surface material and the kind of the treatment agent, normally, 
about 10 Torr is sufficient. 

[0014] In order to promote the reaction of the soiling preventive layer and the substrate 
surface, heating the substrate at the time of the CVD treatment is effective. While it differs 
according to the substrate material and the kind of the treatment agent, the heating 
temperature is sufficient at about 80°C when the treatment is done using a fluorosilane 
series treatment agent possessing at least one chlorine on its one end. This reaction is the 
de-hydrochloric acid reaction of fluorosilane possessing a Si-OH group and chlorine group. 

[0015] It is preferred that the soiling preventive layer be a single molecule membrane. 

[0016] [Practical Example] 

The soiling preventive low reflective glass pertaining to the practical example of this 
invention shown in Diagram 1 is explained in detail. Diagram 1 shows a vertical cross- 
sectional diagram of the substrate where a soiling preventive treatment was administered to 
soda lime glass which was formed with a porous reflection preventive membrane on its 
surface. 1 is the glass substrate; 2 is the porous low reflective index membrane; and 3 is the 
soiling preventive layer. The match stick which constructs the soiling preventive layer 3 
expresses the perfluoro group molecule, and its head part is the bonding molecule of the 
substrate and the siloxane and enters into the pores of the porous low reflective index 
membrane. 

[0017] After soda lime glass plate was dipped in a 1.0% hydrofluoric acid solution for 30 
minutes and its surface soil was dropped, it was washed with water. Next, a silica over - 
saturated solution was prepared at a temperature of 35°C by dissolving silica gel powder in 
hydrofluosilic acid having a concentration of 2.0 mol per 1 liter until saturation was reached, 
that is to say, 20 grams per 1 liter, and by further adding 0.005 mol of boric acid per 1 liter. 
The glass substrate described above was dipped in this solution for 100 minutes, and a 
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skeleton layer possessing a thickness of about 90 nm was installed onto the surface of the 
glass. Thereafter, it was washed and dried. 

[0018] A Petri dish in which approximately 2 g of hexadecafluorodecyltrichlorosilane 
(HDFDTCS) and the aforementioned reflection preventive glass substrate were placed was 
set in a chamber. After they were vacuumed for 2 minutes using a vacuum pump, the vent 
was closed and they were heated to a temperature of 80°C. After one hour of reacting, it was 
raised to a temperature of 99°C while being vacuum pulled, and the excess HDFDTCS was 
removed with a cold trap. Based on this, soiling preventive low reflective index glass such 
as that shown in Diagram 1 comprised of a glass substrate, a 900 nm thick porous glass 
reflection preventive membrane cover membrane on its surface, and a fluorosilane single, 
molecule membrane was obtained. Also, in order to examine its reproducibility, the same 
experiment was repeated so as to obtain two samples. 

[0019] Diagram 2 is the visible light reflective index. For the ordinary untreated soda lime 
glass 1 (the one dot chain line), its reflective index was 8 ~ 9%; in comparison, with the glass 
plate 2 (the dotted line) where only the soiling preventive layer was formed without the 
formation of a porous layer on its surface, it could be readily seen that its reflective index 
had been severely reduced (21% at a wavelength of 500 nm). Also, with the soiling 
preventive low reflective index glass 3 (the solid line) where a soiling preventive layer was 
further formed on the porous layer, it became clear that the reflective index reduction effect 
had been sufficiently maintained (0.72% at a wavelength of 500 nm). 

[0020] Next, by having the same person lightly touch the surfaces of the glass plate test 
materials formed with a porous layer on their surfaces and the soiling preventive low 
reflective index glass plate test material further formed with a soil preventive layer on the 
porous layer, and simultaneously observing the left/right fingerprints which had been 
placed, the former clearly showed a trace of fingerprints; in comparison, the latter could be 
seen with a slight trace of fingerprints, and the difference in soiling based on the 
presence /absence of the soiling treatment became clear. Based on this, it was clear that 
fingerprints became difficult to attach by administering a soiling preventive treatment. 

[0021] As the contact angles of water (surface tension of 72.8 m Nm* 1 ) and n-hexadecane 
(surface tension of 27.3 m Nm" 1 ) with the low reflective glass before the administration of 
the soiling preventive treatment described above, and low reflective glass on which the 
soiling preventive treatment described above had been performed were measured, the low 
reflective glass before the administration of the soiling preventive treatment described 
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above was respectively a contact angle of 0 degrees for water and 0 degrees for n-hexadecane; 
in comparison, the contact angle of the low reflective index glass on which the soiling 
preventive treatment described above had been performed were respectively 120.9 degrees 
(standard deviation of 1.17) for water and 80.7 degrees (standard deviation of 3.46) for n- 
hexadecane. For either contact angle, it is clear that those of the samples administered with 
the soil preventive treatment became much larger. From this result, by administering a soil 
preventive treatment, it became clear that it had become difficult for water and oil to attach. 
Accordingly, a soiling preventive effect had been developed against soiling from water and 
oil. 

[0022] [Effectiveness of the Invention] 

As explained above, it is clear that the soiling preventive low reflective index glass of 
this invention not only possesses a large reflection preventive function, but it also possesses 
an excellent soiling preventive function whereby it is difficult for soiling by those such as 
fingerprints to attach. 

[0023] Therefore, the soiling preventive low reflective index glass based on this invention is 
capable of being suitably used for the front glass of CRTs such as personal computers. 

[Brief Explanation of the Diagrams] 

[Diagram 1] Diagram 1 is an explanatory diagram showing the construction of the soiling 
preventive low reflective glass of this invention. 

[Diagram 2] Diagram 2 is an explanatory graph expressing the visible light reflection 
spectrum of the soiling preventive low reflective glass of this invention. 

[Explanation of the Numerics] 

1 Glass substrate 

2 Reflection preventive (porous) membrane 

3 Soiling preventive layer 

Diagram 1 Diagram 2 
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